Abstract Previous studies carried out in the DonÄ ana National Park reported that red foxes (Vulpes vulpes) were killed by Iberian lynxes (Lynx pardinus), whereas similar-sized Eurasian badgers (Meles meles) were not. Therefore, we predicted that fox would avoid lynx predation risk by niche segregation whereas we did not expect such a segregation between badger and lynx. As an approach for evaluating our predictions, we compared their diet, activity patterns, and habitat use in an area of DonÄ ana where the three carnivores are sympatric. Lynxes preyed almost uniquely on European rabbits (Oryctolagus cuniculus), and though badgers and foxes were omnivorous, rabbits also were a major prey, resulting in high overlaps throughout the year. However, badgers preyed largely on small rabbits, whereas lynxes and foxes preyed mainly on medium-sized rabbits. There were also interspeci®c dierences in activity patterns. Maximum levels of activity among lynxes were during sunrise and dusk (49±67%). Foxes were most active during dusk and night (34±67%), and badgers were mainly nocturnal (53±87%). Though there were seasonal dierences in the amount of activity of each species, speci®c activity patterns changed little throughout the year. There was a strong dierence in annual habitat use by the three species (P < 0.0001). Lynxes used mainly the Mediterranean scrubland during both the active (P MAX ) and the resting (P MIN ) periods. During P MIN , foxes used the Mediterranean scrubland intensively (40% of locations on average), but during P MAX , they used the pastureland much more intensively despite this habitat being poorer in their main prey (rabbits). As a consequence, foxes and lynxes exhibited segregation in their habitat use during the active period. Badgers also used the Mediterranean scrubland intensively, especially during P MIN . There were no seasonal dierences in habitat use for lynx and fox, but there was for badgers (P < 0.015). Within the study area, the three species selected habitat suggesting they were sensitive to factors such as vegetation and prey abundance. However, in general, carnivore habitat use did not correlate with rabbit abundance. We propose that foxes avoided lynxes by using, during activity, habitats not frequented by lynxes, and that a low predation risk associated with the distinctive foraging mode of badgers may facilitate its coexistence with other carnivores.
Introduction
Ecologists have long considered that niche segregation serves to reduce exploitative competition and thus facilitates coexistence of similar species (Pianka 1978) . Increasingly, however, emphasis is placed on the role of intraguild predation (sensu Polis et al. 1989 ) on niche segregation as a consequence of the antipredator behavior of species under predation risk (Sih et al. 1985) . We chose one top and two intermediate sympatric predators (one of them frequently killed by the top predator) to test the hypothesis of greater segregation among the two interfering species in some of the most important dimensions of the ecological niche (habitat, food, and time; Schoener 1974) .
In Mediterranean ecosystems, trophic relations among sympatric carnivores have been studied (e.g., Jaksic and Delibes 1987) but multidimensional niche approaches are scare , although they are essential for a comprehensive understanding of the niche relation among predators (Wiens 1993) . In the Mediterranean DonÄ ana National Park (southwest Spain), the Iberian lynx (Lynx pardinus, 9± 12 kg), Eurasian badger (Meles meles, 7±8 kg), and the red fox (Vulpes vulpes, 5±7 kg) occur in sympatry. Previous studies identi®ed the importance of the European rabbit (Oryctolagus cuniculus) in the diet of these three carnivores (Delibes 1980; Rau et al. 1985; Martin et al. 1995) . However, little is known about either activity patterns or habitat use by both foxes and badgers in DonÄ ana, although elsewhere they have been reported as mainly nocturnal and crepuscular (Macdonald 1984) and as habitat generalist species (Ginsberg and Macdonald 1991; Neal and Chesseman 1996) . Lynxes in DonÄ ana are crepuscular and habitat specialists (e.g., Palomares et al. 1991) . Because carnivore habitat use often correlates with prey abundance (e.g., Murray et al. 1994 ) and habitat-related variations in rabbit abundance occur in DonÄ ana (Beltran 1991; Palomares and Delibes 1997) , we expected lynx, fox, and badger habitat use to correlate with rabbit abundance in relation to the importance of rabbits in their diet. However, recent studies on carnivores emphasize the role of interference competition in shaping their niches (Iriarte et al. 1990; Hersteinsson and Macdonald 1992; Mills and Biggs 1993) . In DonÄ ana, lynxes kill foxes Fedriani 1997) ; thus, we expected some temporal and/or spatial segregation between those sympatric species (Schoener 1974) . No aggressive interactions between lynxes and badgers are known; therefore, we did not expect such a segregation. Little is known about fox-badger relationships in DonÄ -ana, but in other areas, cases of both aggressive and peaceful encounters have been reported (Neal and Chesseman 1996) . Thus, we had no clear expectations about their potential segregation of resource use in DonÄ ana.
Our speci®c goals were: (1) to estimate the relative importance of dierent prey in carnivore diets, their seasonal variations in prey use and the degree of interspeci®c food overlap, (2) to describe the activity patterns of the three carnivores, to estimate seasonal and interspeci®c dierences, and to assess the degree of interspeci®c overlap in activity patterns, (3) to assess their habitat use and preference during their resting and active periods, to evaluate their seasonal and interspeci®c variations, and to estimate the interspeci®c overlap in habitat use, and (4) to explore whether carnivore habitat use correlated with rabbit abundance. Annual diets of both foxes and badgers have been published (Fedriani 1996; Fedriani et al. 1998) , and data on lynx habitat use is currently being reviewed (F. Palomares, M. Delibes, P. Ferreras, J.M. Fedriani, J. Calzada, E. Revilla, unpublished data).
Materials and methods

Study area
Our ®eld work was conducted from November 1992 through May 1995 in the northern portion of the DonÄ ana National Park (37°9¢ N, 6°26¢ W), located on the west bank of the Guadalquivir River mouth in southwestern Spain. The climate is Mediterranean subhumid, characterized by dry, hot summers and mild, wet winters. Average annual rainfall is 500±600 mm.
Marshes, scrubland and dunes are the three main habitats of DonÄ ana (Valverde 1958) , though a ®ner classi®cation revealing six habitat types is possible within our speci®c study area. (1) The Mediterranean scrubland is mainly formed by Pistacea lenticus shrubs with variable brush of Halimium halimifolium and scattered Quercus suber and Pirus bourgaena trees. (2) Pastureland is an open area of Juncus spp., Silene laeta and Gaudinia fragilis but with some H. halimifolium brushes and scattered Q. suber and Olea europaea. (3) Grassland mainly surrounds the Mediterranean scrubland and the pastureland, and includes some patches of variable size dominated by Asphodelus ramosus and Armeria gaditana. (4) Tree plantations are comprised of Pinus pinea and Eucalyptus spp. with shrubs of P. lenticus common. (5) Marshes are open areas where trees and scrubs are practically absent. (6) Ash forest (Fraxinus sp.) occurs in several patches, the two largest associated with natural streams, and has shrubs of P. lenticus (Fig. 1) .
Numbers of individuals of the target carnivore species within the study area were estimated by Fedriani (1997) , and ranged from 9 to 12 lynxes, from 9 to 16 badgers, and from 26 to 42 foxes. Other mammalian carnivore species also abundant in our study area were the Egyptian mongoose (Herpestes ichneumon) and the common genet (Genetta genetta).
Food habits
Carnivore diets were assessed through feces analyses. Feces were collected weekly from November 1992 to December 1994, and all samples were well distributed over the year. Total sample sizes were 320 for fox, 279 for badger, and 240 for lynx. The analysis of feces was made by standard methods (Reynolds and Aesbischer 1991) , and prey items identi®ed were categorized into six types: lagomorphs, other vertebrates, carrion, invertebrates, fruit, and miscellaneous. The importance in the diet of each prey type was quanti®ed by two methods: (1) frequency of occurrence number of feces containing each prey type´100/total number of feces; (2) fresh biomass ingested dry weight of remains of a particular prey type´its correction factors (CF)´100/S(dry weight of remains of each prey type´CF of each prey type). Correction factors were obtained from the literature (Lockie 1959; Aldama 1993; MartõÂ n et al. 1995) . Rabbits found in feces were classed into three size categories (small, £200 g; medium, b200 but £800 g; large, b800 g) by comparing their remains (mainly bones and nails) with those from reference specimens of known weight. Because the availability of rabbits varies seasonally in DonÄ ana (Delibes and CalderoÂ n 1979; Rogers et al. 1994) , we considered the diets of the autumn/winter (November±February), spring (March±June), and summer (July±October) periods separately.
Dierences in the occurrence of particular prey categories among compared diets were detected by v 2 analysis of contingency tables, or by Fisher exact test when the percentage of expected values lower than ®ve in the contingency tables was higher than 20% (Wells and King 1980) . The sequential Bonferroni con®dence intervals (Rice 1989) were used in multiple comparisons to control the experimentwise error. Seasonal food overlap was estimated for each pair of species with Pianka's (1973) index, using percentages of fresh biomass ingested by carnivores. For food overlap calculations, vertebrates and fruit were classed to species or genus and invertebrates to order (Greene and Jaksic 1983) .
Animal capture, immobilization, and radio-tagging Because activity patterns and habitat use of carnivores were studied by radio-tracking, the three species of carnivores were captured using coil-spring traps (Victor no. 2, Woodstream, Pennsilvania) and baited box-traps. Once captured, the animals were immobilized with an intramuscular injection of ketamine hydrochloride (50 mg/ ml, Ketolar, Parke-Davis) and xylazine hydrochloride (23.3 mg/ml, Rompun, Bayer). Drug doses, induction, and recovery times are described in Ferreras et al. (1994) for lynxes, in Travaini et al. (1992) for foxes, and in Travaini et al. (1994) for badgers. Captured animals were ®tted with radio-collars, and animal location was estimated through triangulation. Our tracking system and procedures were similar to those described by Ferreras et al. (1997) ; thus, we assumed our location error was similar (usually less than 100 m).
Activity patterns
Carnivore activity was treated as a dichotomous variable: active or not active. Activity was determined by speci®c sensors incorporated in radio-collars. Intensive 24-h radio-tracking periods were conducted during which activity was determined at 1-h intervals. The total number of intensive 24-h radio-tracking periods conducted were 58 for lynx (ten individuals), 37 for fox (eleven individuals) and 43 for badger (eight individuals). For analyses, the 24-h cycle was divided into four periods (day, night, dusk, and sunrise). Duration of day and night varied through the year, but dusk and sunrise were assumed to be of constant duration (2 h) (details in Fedriani 1997) . We used generalized linear models (GLM) ®tted with the program GLIM (Baker 1987) to analyze the results. Because of the dichotomous nature of the response variable (percent of activity), we assumed that errors followed a binomial distribution (Crawley 1993) . The model was ®tted considering three factors: species, season, and period. The signi®cance of each factor and their interactions was assessed by stepwise backwards elimination from the full model. The increase in deviance of the model when a factor was removed was checked against the distribution chi-square with the same degrees of freedom (df) as the increase in df of the model. When the ratio deviance/df of the initial minimum model suggested overdispersion in the data (Crawley 1993) , the deviance of the model was scaled and the signi®cance of the ®nal model rechecked. As a measurement of the seasonal interspeci®c overlap in activity, we calculated Pianka's index using percentages of activity in the four de®ned periods.
Habitat use
We used the six habitats detailed above for habitat use analyses. The habitat composition of the total study area [de®ned as minimum convex polygon encompassing all radio-locations of all the individuals of the three species; hereafter total minimum polygon (TMP)] and of each individual's home range, and the proportion of radio-locations from each animal within each habitat type, were calculated using RANGES V (Kenward and Hodder 1996) . Home ranges were estimated from the minimum convex polygons including the 95% of locations. To exclude the outer locations (5%), we used the harmonic-mean method (Dixon and Chapman 1980) . For each individual, radio-locations were separated by at least 12 h to avoid the issue of pseudoreplication. Individuals that were located less than ten times were not used in analyses. After this selection, lynxes were located on average 111 times (1SD 122, n 11), foxes 78 times (1SD 74, n 18), and badgers 62 times (1SD 39, n 10). Because habitat use by carnivores may dier between resting and active periods (Palomares and Delibes 1992) , we de®ned both periods of relative minimum (P MIN ) and relative maximum (P MAX ) activity, using the mean percentage of activity of their total 24-h tracking periods as a threshold value. P MIN was de®ned as the interval during which a speci®c carnivore species showed consistently a percent of activity lower than its mean percentage of activity. This period was 0900±1600 for lynx, 0300±1800 for fox, 0500±1900 hours for badger. P MAX was de®ned as the rest of the circadian cycle. MANOVA tests (SAS 1990) were used to test intraspeci®c dierences between seasons (as de®ned above) and active-resting periods, and annual interspeci®c dierences in habitat use, always using percentages of radio-locations as the habitat use estimate. Once overall signi®cant dierences were detected, we applied univariate analyses (ANOVA) for each habitat type using the Bonferroni method. For these analyses, we used the arcsine transformation of percentages of radio-locations (Zar 1984 ). Pianka's index was calculated using percentages of radio-locations to assess the degree of interspeci®c seasonal habitat use overlap.
We determined if there was annual habitat selection through the use of compositional analysis (Aebischer et al. 1993) . Overall deviation from random utilization was tested with v 2 as the test statistic with H±1 degrees of freedom (H number of habitat types available). If habitat utilization was signi®cantly non-random (P < 0.05), then the habitat types can be placed into a rank order of preference by constructing a ranking matrix. Departures from random preference for speci®c habitat types were then tested by Student's t-test. Because carnivores may respond to both landscape and local attributes (e.g., Pedlar et al. 1997) , we ®rst considered habitat available within the TMP and compared this with individual home range habitat composition, and then we considered habitat available within individual home ranges and compared this with the percentage of locations of the individuals (Aebischer et al. 1993 ).
Rabbit abundance and relationship with carnivore habitat use
Rabbit abundance was estimated in Mediterranean scrubland, ash forest, pastureland, tree plantations and marshes through visual censuses from a vehicle which travelled at 20 km/h along ®xed transects. The observer counted rabbits seen within 10 m of the line transect. The surveys started 1 h before dusk (coinciding with a peak in rabbit activity) and lasted approximately 1.5 h. Each survey was repeated on 3 consecutive days, but we only considered the replicate in which we observed the highest number of rabbits. The surveys were carried out every 2±3 months during a 12-month period. A rabbit abundance index for each census and habitat was calculated dividing the number of rabbits counted by the distance covered (km). Then we averaged the indexes of dierent surveys yielding an annual rabbit abundance index for each habitat. A mean rabbit abundance index was also estimated for each season by averaging indexes of dierent habitats. Dierences in rabbit abundances among habitat types and seasons were tested by GLM (SAS 1990) . To assess whether carnivore habitat use correlated with rabbit abundance, we quanti®ed habitat use for each carnivore species as the mean percentage of area covered by each habitat type within individual home range and as the mean number of radiolocations during the active period in each habitat type divided by square kilometers of available habitat within the TMP. For each species, Spearman rank correlation coecients were calculated between carnivore habitat use and rabbit abundance.
Results
Diets
Lynx diet was almost uniquely based on rabbits, comprising seasonally 97±99% of the biomass ingested (Table 1) . Rabbits eaten by lynx were mainly of the medium-size category (89%, n 209, Fig. 2 ). Other prey types were of very little importance, and thus we did not detect seasonal dierences in lynx food habits (Fisher exact test, P 0.186). Fox diet was primarily based on rabbits, which annually comprised 54% of the biomass ingested and occurred in 54% of scats analyzed. Rabbits eaten by foxes were mainly of the medium-size category (82%, n 100, Fig. 2 ). Carrion and invertebrates were also of relatively important (Tables 1, 2 ), but other food types were annually of little importance. Seasonal fox diets diered signi®cantly (v 2 48.2, df 10, P < 0.001). During autumn/winter, foxes consumed less rabbits than they did in spring (v 2 13.57, df 1, P < 0.01) and summer (v 2 27.4, df 1, P < 0.001; Table 2 ). During autumn/winter, foxes consumed more fruit than they did in spring (v 2 33.8, df 1, P < 0.001; Table 2 ). We did not detect dierences between spring and summer fox diets (P 0.129).
The annual badger diet was also based on rabbits, which comprised 61% of the biomass ingested and occurred in 37% of the scats analyzed. Rabbits eaten by badgers were mainly of the small (48%) or medium (47%) size categories (n 60; Fig. 2 ). Invertebrates and fruit were also relatively important (Table 1) . Seasonal badger diets diered signi®cantly (v 2 115.9, df 10, P < 0.001). Dierences were signi®cant for all pairs of seasonal diet comparisons (all P < 0.001). During autumn/winter, badgers consumed less rabbits than they did in spring (v 2 48.9, df 1, P < 0.001; Table 2 ) and summer (v 2 18.3, df 1, P < 0.001), but consumed more fruit than they did during those seasons (all v 2 >61.9, df 1, all P < 0.001). Badgers consumed more rabbits in spring than they did in summer (v 2 = 20.1, df 1, P < 0.001; Table 2 ).
Dierences in annual and seasonal diets of the three species were signi®cant for all pairs of comparisons (P < 0.001). Annually and seasonally, lynxes consumed more rabbits than did foxes and badgers (P < 0.001), and badgers were more frugivorous than foxes (P < 0.001), but consumed less carrion than did foxes (P < 0.001; Table 2 ). Despite these strong interspeci®c dierences in the occurrence of the prey types, the seasonal food overlap indices based on biomass ingested were always high (Fig. 3) due to the high rabbit biomass in all carnivore diets. The minimum trophic overlap values were always during autumn/winter, coinciding with the minimum rabbit consumption by foxes and badgers (Tables 1, 2) . Because of the high importance of rabbits in all carnivore diets, we also tested whether carnivores preyed annually on dierent sizes of rabbits. Carnivores diered in the size class of rabbits preyed (v 2 101.9, df 4, P < 0.0001; Fig. 2 ). These dierences were signi®cant for all pairs of species comparisons (all P < 0.002). Badgers consumed more small and less medium-sized rabbits than did foxes and lynxes (all P < 0.001). Foxes consumed more small rabbits than did lynxes (P < 0.001; Fig. 2 ).
Activity patterns
Lynx showed high seasonal percentages of activity at all periods of the circadian cycle de®ned and the minimum values always occurred during daytime (Fig. 4) . Highest seasonal lynx activity always occurred during dusk (Fig. 4) , and ranged from 59 to 67%. Seasonal lynx percentages of activity during sunrise (49±57%) were similar to those during daytime (44±53%). Seasonal dierences in lynx percentage activity were low (Fig. 4) .
Foxes were most active during dusk and night (seasonal percentages of activity ranged 42±67% and 34±47%, respectively). During sunrise, percentages of activity were intermediate (27±35%) and during the day, minimal (11±15%; Fig. 4) . The highest seasonal percentages of activity occurred during spring, whereas dierences between autumn/winter and summer were of little importance (Fig. 4) .
Badgers were mainly nocturnal. Night seasonal percentages of activity ranged from 53 to 87%. During dusk they showed greater seasonal percentages of activity than during sunrise (30±65% vs 10±31%, respectively). During daytime, the seasonal percentage of activity estimated were very low (4±15%). Seasonally, badgers showed highest percentages of activity during spring, whereas they showed similar percentages of activity in summer and autumn/winter (Fig. 4) .
The GLM analysis indicated that all factors considered (species, season, and period) aected signi®cantly the percentage of activity (all P < 0.001; see Table 3 ). There were strong interspeci®c dierences in the circadian patterns (interaction species´period, P < 0.0001; Fig. 3a±c Interspeci®c seasonal overlap values (measured as Pianka's indices) in diet, activity patterns, and habitat use during both periods of relative maximum (P MAX ) and relative minimum (P MIN ) activity (AU_W autumn±winter) Table 3 ). This result indicates, for example, that whereas lynxes changed their activity little through the circadian cycle, badgers were mainly nocturnal and foxes were predominantly crepuscular (Fig. 4) . We also detected interspeci®c dierences in seasonal percentages of activity (interaction species´season, P < 0.001). This result indicates, for example, that lynxes were more active during autumn/winter, whereas foxes and badgers were more active during spring (Fig. 4) . Overlap values in activity patterns were always high. Minimum values always occurred for lynx-badger (Fig. 3) .
Habitat use
There were no dierences in seasonal lynx habitat use (F 0.903, df 12, P 0.550) nor between periods of relative minimum (P MIN ) and maximum (P MAX ) activity (F 0.865, df 6, P 0.630). Mediterranean scrubland was the only habitat used by all individual lynxes, and clearly to a major extent (58±63% of locations on average; Table 4); pastureland was the least used habitat (1±4% on average). The remaining habitat types were used to a similar extent (6±12%; Table 4 ). The annual home range selection made by lynxes within the study area was not random (11 animals, v 2 20.6, df 5, P < 0.001). They selected habitats in the following order: Mediterranean scrubland > grassland > ash forest > marshes > tree plantations > pastureland. Mediterranean scrubland was selected signi®cantly more than the Table 4 Annual mean percentages of radio-locations (% loc., 1SD) during both periods of relative maximum (P MAX ) and relative minimun activity (P MIN ) and mean percentages of individual home range habitat composition (1 SD) for the three carnivores studied. Percentages of habitat types available within the minimum convex polygon encompassing all radio-locations (TMP) are also shown (n number of individuals considered)
other habitat types (all t > 2.9, df 10, all P < 0.05). Grasslands were used signi®cantly more than tree plantations and pastureland (all t > 2.5, df 10, all P < 0.05). Lynxes within their individual home ranges did not show evidence of any habitat preference (P > 0.10). There were no seasonal dierences in fox habitat use (P 0.684), but their habitat use diered signi®cantly between P MIN and P MAX (F 2.961, df 6, P 0.015). Dierences were signi®cant only for Mediterranean scrubland (F 15.0, df 1, P < 0.01). During the P MIN period, Mediterranean scrubland was clearly the most used habitat type (40% of locations on average, Table 4), followed by marshes and pastureland used, on average, 25% and 22%, respectively. The remaining habitat types were little used. However, during P MAX , foxes were mainly located on pastureland and marshes (on average 36% and 31%, respectively), while on average on only 9% of occasions were they located on the Mediterranean scrubland (Table 4) . The annual home range selection made by foxes within the study area was not random (18 animals, v 2 15.2, df 5, P < 0.01). They selected habitats in the following order: pastureland > Mediterranean scrubland > grassland > marshes > ash forest > tree plantations. There was no signi®cant dierence between the four top-ranking habitat types (all P > 0.05), but there was a clear contrast between those and the two lowerranking ones (all t > 2.2, df 17, all P < 0.05). Within individual home ranges, fox habitat use was not random during the P MIN (16 animals, v 2 12.82, df 5, P < 0.05). They selected the habitats in the following order: Mediterranean scrubland > grassland > tree plantations > ash forest > marshes > pastureland. Mediterranean scrubland was signi®cantly preferred over all other habitat types except for grassland (all t > 2.3, df 15, all P < 0.05) and there were no other signi®cant habitat preferences. In contrast, during the P MAX , there was no evidence of habitat selection within their home ranges (P > 0.1).
There were signi®cant seasonal dierences in badger habitat use (F 2.432, df 12, P < 0.015). Seasonal dierences were signi®cant for Mediterranean scrubland and pastureland (all F > 8.4, df 2, all P < 0.01). During autumn/winter and spring, badgers used mostly Mediterranean scrubland (67 and 95% of radio-locations on average during P MAX and P MIN , respectively), whereas the remaining habitat types were little used (0%±14% on average). During summer, there was an important decrease in the use of Mediterranean scrubland (29 and 57% on average during P MAX and P MIN , respectively), and a considerable increase in the use of pastureland (23 and 26% on average during P MAX and P MIN , respectively). Badgers habitat use diered signi®-cantly between P MAX and P MIN (F 2.559, df 6, P < 0.048), though using the Bonferroni method we did not detect dierences for any habitat type. Because of the overall dierences, we assumed that badger habitat use diered between the two periods. During P MIN , badgers used mainly the Mediterranean scrubland (71% of locations annually on average, Table 4 ). Pastureland was used on average for 14% of the occasions. The remaining habitat types only averaged between 1% and 8%. During P MAX , there was an important decrease in the use of Mediterranean scrubland (on average 47% of locations), and a considerable increase in the use of marshes (on average 23%). Within the study area, badger habitat use was not random (ten animals, v 2 43.7, df 5, P < 0.001). They selected habitats in the following order: grassland > Mediterranean scrubland > marshes > pastureland > ash forest > tree plantations. The three top-ranking habitat types were signi®cantly preferred over tree plantations (all t > 3.1, df 9, all P < 0.02). Within their individual home ranges, badger habitat use was not random during the P MIN (eight animals, v 2 16.3, df 5, P < 0.01). They selected the habitats in the following order: Mediterranean scrubland > tree plantations > ash forest > marshes > pastureland > grassland. Mediterranean forest was preferred over the three bottom-ranking habitat types (all t > 2.4, df 7, all P < 0.05). During P MAX , badgers also selected the habitat within their individual home ranges (ten animals, v 2 19.8, df 5, P < 0.01). Mediterranean scrubland was signi®cantly preferred over marshes, pastureland, and grassland (all t > 2.8, df 9, all P < 0.02).
There was a strong signi®cant dierence in the annual habitat use by the three species (F 4.477, df 12, P < 0.0001). Dierences found were signi®cant for Mediterranean scrubland, pastureland, and ash forest (all F > 4.8, df 2, all P < 0.05). Lynx used Mediterranean scrubland more often than did foxes, especially during P MAX (Table 4) . Foxes used pastureland much more frequently than did lynxes, mainly during P MAX . In general, lynx and badgers showed rather similar habitat use (i.e., both used Mediterranean scrubland intensively). Badgers used Mediterranean scrubland more often than foxes during both P MAX and P MIN (Table 4) . Generally habitat use overlap was high, but not during P MAX for fox-other carnivores (Fig. 2) .
Rabbit abundance and relationship with carnivore habitat use
We did not detect dierences in rabbit abundance between seasons (P 0.339), even though the spring rabbit abundance index (3.5 3.9) was 1.5 times higher than in other seasons (2.2 2.1 and 2.1 1.9 in autumn/winter and summer, respectively). There were dierences among habitats in rabbit abundance (F 3.89, df 4, P 0.037). Mediterranean scrubland and pastureland had the highest rabbit abundances whereas tree plantations and marshes had the lowest ones (Table 5 ). Percentages of area of each habitat types within individual home ranges correlated with rabbit abundance for badger (r S 0.90, n 5, P 0.037), but not for foxes (P 0.285), or lynx (P 0.624).
These results suggest that badger home ranges were mainly composed of rabbit-rich habitat types, lynx home ranges were almost uniquely composed of the most rabbit-rich habitat type, and the fox home ranges composition included both rich and poor rabbit habitats (Tables 4, 5 ). Number of radio-locations/km 2 of habitat did not correlate with rabbit abundance for any carnivore species, but badgers again had the highest correlation index (r S were 0.8, 0.3 and 0.0 for badger, fox, and lynx, respectively).
Discussion
Interspeci®c patterns
Our study con®rms the trophic and habitat use specialization of lynx, as well as its crepuscular habits in DonÄ ana (Delibes 1980; Palomares et al. 1991; Beltran and Delibes 1994) . Though both fox and badger were omnivorous and used a variety of habitat types, they shared with lynx the same staple prey used intensively the Mediterranean scrubland, and were relatively crepuscular. All results con®rmed our expectations based on previous knowledge of these two species in DonÄ ana (Rau et al. 1985; Martin et al. 1995; Rodriguez et al. 1996) and elsewhere (Ginsberg and Macdonald 1991; Neal and Cheeseman 1996) .
The high rabbit abundance in our study area and the nutritive value of this mammalian prey (which is known to aect predator preferences; Hespenheide 1975) may account for the high importance of rabbit in all carnivore diets. Interspeci®c dierences in size of rabbit preyed on revealed contrasting foraging behaviors. In DonÄ ana, badger behaves as a specialized predator of small rabbits which are dug out of their burrows (Martin et al. 1995) . Foxes, typical of canids, chase their mobile prey (Kleiman and Eisenberg 1973; Murray et al. 1995) like medium-sized rabbits, though they also excavate some rabbit burrows (Rogers et al. 1994) , and lynxes stalk their prey (Delibes 1980) . On the other hand, crepuscular activity of all carnivore species is clearly related to the crepuscular habits of their main prey (rabbits; Villafuerte 1994) . The more crepuscular a carnivore species was, the more medium and large rabbits in its diet. Thus, lynx which was the most crepuscular species, preyed most intensively on medium and large rabbits, and badger, which was the least crepuscular, preyed less intensively on those sizes of rabbits (Figs. 2, 4) .
At the largest scale, all carnivores selected habitats suggesting they were sensitive to environmental factors such as vegetation cover and/or prey abundance. However, in general, carnivore habitat use did not correlate with rabbit abundance, although the larger amount of small rabbits in a carnivore species diet, the better the correlation between its habitat use and rabbit abundance (i.e., badgers consumed more small rabbits and showed the best correlation). Given that we did not count small rabbits during the surveys, this fact suggests that small and other-sized rabbit abundances correlated, and also suggests that carnivore foraging success on small rabbits was little aected by factors other than rabbit abundance (e.g., vegetation cover). For lynx, the lack of correlation is explained in terms of habitat specialization because lynx needs habitats both rich in rabbits and with high scrub cover (Delibes 1980; Palomares et al. 1991) . For foxes, which behaved as a habitat generalist, a better correlation certainly would be expected. They used Mediterranean scrubland intensively during the resting period but not during the activity period, when they used pastureland more intensively. Explanations for this unexpected shift in fox habitat use are treated below.
Niche relationships and carnivore coexistence Diet overlaps were higher during spring than in autumn/ winter in accordance with competition theory (e.g., Schoener 1982) , which predicts a convergence of the diet of coexisting consumers when resources (rabbits) are abundant. However, diet overlaps remained high during summer even though rabbit abundance decreased 1.5-fold. This unexpected result is likely related to a high incidence of rabbit diseases (e.g., myxomatosis) during summer in DonÄ ana, and therefore foxes and badgers ®nd a surplus of sick and thus easily captured rabbits (Rogers et al. 1994) . Consequently, in our study, food competition was more likely during autumn/winter, since food overlaps were still high in this season. However, there are no adequate data or models on consumer requirements and prey availability necessary to establish whether competition occurred (Wiens 1993) . On the other hand, in agreement with Greene and Jaksic (1983) , we believe that dierences in size classes on which the carnivores preyed did not reduce competition for food since dierent rabbit size classes are not self-renewable resources (e.g., Palomares et al. 1995) . Nevertheless, dierences in rabbit prey sizes for foxes and badgers implicate contrasting foraging modes that may play a decisive role regarding interference competition with lynx. Certainly, an individual fox chasing rabbits over long distances will probably be detected by a lynx more easily than an individual badger excavating a rabbit borrow. Similar eects of foraging modes on predation (Huey and Bennett 1986) .
High overlap values in activity might also be a result of the broad time intervals de®ned, and a ®ner delineation could reveal a higher segregation (Litvaitis and Harrison 1989) . However, percent lynx activity remained consistently high throughout the circadian cycle (Fig. 4) making a neat temporal segregation dicult between lynx and the other two species. Therefore, it seems more likely that foxes reduced lynx predation by spatial behavior. Speci®cally, we propose that foxes reduced their use of Mediterranean scrubland (the richest rabbit habitat) during their activity period (when they are more detectable) to avoid encounters with lynxes which frequented this habitat. The lack of scrub cover in pastureland, which may increase the vulnerability of rabbits (Fedriani 1996) and thus optimize fox foraging eort in this habitat, might also explain the pattern of fox habitat use. Nevertheless, the high abundance of other kinds of shelters (burrows) in pastureland probably counteracts the eect of low scrub cover (Palomares and Delibes 1997) . Furthermore, the generalist nature of fox makes it able to exploit eciently very dierent habitats (Lucherini et al. 1995; Adkins and Stott 1998) . Red foxes have been reported to avoid open and to select brushy habitats (despite the latter habitat being poorer in prey) to avoid hazardous encounters with coyotes (Canis latrans; Theberge and Wedells 1989).
Our approach did not take into account intraspeci®c variation, such as individual susceptibility to factors such as interspeci®c competition (Partridge and Green 1985) . It is possible that spatial-temporal avoidance behaviors of some individuals (Major and Sherburne 1987) have facilitated the coexistence of these three carnivore species in our study area. In the same area, Palomares et al. (1996) observed that radio-tracked genets and mongooses avoided spatial overlap with lynxes because lynx kills them. This was not the case of radio-tracked foxes and badgers, whose home ranges largely overlapped with those of lynxes (Fedriani 1997) . Further work is required to test for the presence of such avoidance behaviors between interspeci®c pairs of individuals with high overlap in habitat use during activity periods. For example, foxes and badgers apparently coexisted peacefully, even sharing some setts (Fedriani 1993) , which might have been facilitated most of the year by using rather dierent habitats during activity. However, such spatial-temporal avoidance could play an important role in their coexistence during the summer when they overlapped highly in habitat use.
Our initial hypothesis is validated since the results strongly support the notion that foxes avoided lynx predation by habitat segregation during activity, whereas mechanisms other than niche segregation seem to allow badger and lynx coexistence. Since food overlaps among carnivores were always high, our conclusions challenge the view that food is the resource towards which spatial and behavioral means of distinguishing niches by predators are ultimately directed (see Hespenheide 1975) but are consistent with MacArthur and Pianka (1966) and MacArthur and Wilson (1967) , who predicted that for coexisting predators it is easier to adjust behavior (in this case, foraging habitat or method) to reduce competition, than to change food habits.
